I.
Introduction.
Phyto pathogenic microorganisms, particularly fungi, are a major threat to food production and ecosystem stability worldwide [1] . Today, about 30% of all plant species have been destroyed by plant pathogens [2] . This implies therefore that, in order to maintain sustainable food production, control of pre and post harvest plant disease pathogens is imperative. In addition to good agronomic practices, the use of chemical pesticides has over the years contributed to significant plant disease control and enhancement of crop yield. However, the resultant problems ranging from the development of pathogen resistance, the growing cost of pesticides, to their unpleasant environmental effect, have called for the development and use of better approaches to plant disease management [3 -6] . Among these approaches are those referred to as biological controls [6] , which involve the inhibition of disease producing activities of a pathogen by one or more organisms [7, 6] Trichoderma species have become the research focus of several researchers seeking to develop potent biocontrol agents of fungal origin [8, 9] . The success of several members of the genus Trichoderma in biocontrol of plant pathogens has been attributed chiefly to the activation of a variety of direct (active) and indirect (passive) mechanisms [1, 9] . Direct mechanisms of biological control of plant pathogens by Trichoderma species involve mycoparasitism, aided by the production of cell wall degrading enzymes, while indirect or passive mechanisms include competition for nutrients and space, modifying the pathogens environmental conditions (e.g. pH), antibiosis and promotion of plant growth and defence mechanisms [1, 8, [10] [11] [12] [13] [14] [15] [16] [17] . However, due to inter-specific and inter-strain variations in the genus Trichoderma with respect to biocontrol activity, only the isolate most active in the antagonism of a particular pathogen can be considered as biocontrol agent against the pathogen [18] . This experiment is therefore aimed at investigating the relative effectiveness of a T. viride strain in the biological control of three common post harvest rot fungi, namely; A. niger, A. flavusand F. oxysporum, as a preliminary effort towards selecting the most effective biocontrol agent against the named pathogens in the study area.
II.
Materials and Methods
Fungal isolates
Post harvest rot fungi, namely A. niger and A. flavus used in this study were kindly donated by Mr. Tivkaa Amande of the Department of Botany and Microbiology, University of Ibadan, while the F. oxysporum isolate was obtained from a mixture of soil and decayed debris collected from Bodija market refuse dump, Ibadan, Nigeria, using the soil dilution plate method [19] . T. viride was isolated from soil samples [19] collected from the demonstration farm of the Institute of Agricultural Research and Training (IAR&T), Ibadan, Nigeria, and identified in the Plant Pathology Laboratory of the Department of Botany and Microbiology, University of Ibadan, using the identification keys of Rifai [20] and Domsch et al. [21] . Isolates were thereafter preserved on Potato Dextrose Agar (PDA) slants in McCartney bottles and maintained temporarily at 28±2ºC.
Growth conditions for metabolite production by the antagonist
Three different growth media were used to induce the production of the lytic enzymes chitinases, proteases and cellulases respectively by the antagonist in addition to other antimicrobial metabolites. For protease induction, the medium of De Marco and Felix [22] 
Culture of antagonist and collection of culture filtrates.
Three 7mm mycelia plugs from actively growing regions of 3-5 days old cultures of antagonist were aseptically obtained and introduced into 15ml volume of each sterilized fermentation media in McCartney bottles and incubated at 30ºC for a total duration of 7days, during which the various enzyme induced culture filtrates were collected at days 3, 5, and 7 via filtration using a double membrane Watman no.1 filter paper [24] . Centrifugation of filtrates was carried out at 8000rpm for 10mins at 10ºC (high speed refrigerated centrifuge), after which carefully decanted supernatants were used for enzyme assays and probe of antagonistic activity.
Carboxymethyl Cellulase Assay
For assay of Carboxymethyl cellulase (CMC) activity, the method of Ghose [25] was used. 0.9ml of 1% (w/v) CMC (prepared in 0.1M Na-citrate buffer, pH 5.3) were mixed with 0.1ml of culture filtrate (cellulase induced) and incubated at 30ºC for 15minutes. The reaction was stopped by the addition of 1.5ml of 3,5-dinitrosalicylic acid (DNSA) reagent and the content boiled for 5minutes. The colour developed was read at 540nm, and the amount of reducing sugar liberated was quantified using glucose as standard.
Protease assay
This assay was carried out using the method of method of Kunitz [26] with slight modifications. 1% (w/v) casein solution was prepared in 0.1M Citrate phosphate buffer (pH 7) and heat denatured at 100ºC for 15minutes in water bath and allowed to cool. The reaction mixture consisting of 1ml of substrate thoroughly mixed with 0.5ml of culture filtrate (protease induced), was incubated at 35ºC for 1hour, after which the reaction was terminated by addition of 3ml of cold (2ºC) 10% Trichloro Acetic Acid (TCA). Tubes were allowed to stand for another 1hour to allow precipitation of undigested protein. Control tubes containing 0.5ml of culture filtrate were incubated for 1hour at 35ºC before adding 3ml of cold (2ºC) 10% TCA and 1ml of 1% casein. The reaction mixtures were then centrifuged at 10000rpm at 4ºC for 5minutes. Absorbance readings were taken at 660nm against a blank containing the control. Amount of reducing sugar liberated was quantified using casein as standard.
Chitinase assay
Assay of chitinase activity was carried out using a modification of the calorimetric method described by Molano et al. [27] . The assay mixture contained 1ml of 0.5% pure chitin (Sigma, suspended in 0.2M acetate buffer pH 5.2) and 1ml of culture filtrate (chitinase induced). The reaction mixture was incubated for 10 minutes at 50ºC [28] and stopped by the addition of 1ml of DNSA in a total volume of 3ml. Absorbance readings taken spectrophotometrically at 540nm were converted to concentration using the molar extinction coefficient of pNitrophenyl (pNP), 1.8×10 4 M -1 Cm -1 [29] .
Determination of total protein content of culture filtrates.
For the estimation of total protein content of culture filtrates, the protocol of Lowry et al. [30] was employed.
Determination of antagonistic activity of culture filtrates of antagonist (T. viride).
The method described by El-Katatny et al. [31] was adopted. Agar plates of quarter strength PDA were prepared with 10% concentrations of various enzyme induced culture filtrates of the antagonist and allowed to solidify, after which plates were inoculated separately at the center with 5mm diameter mycelia disc of rot fungi (A. niger, A. flavus and F. oxysporum) obtained from actively growing regions of 2-7 days old cultures. Treatments were applied in duplicates and plates incubated at 30ºC for 5 days. Radial growth of the pathogens was taken as the average of colony diameter measured at right angles, and percentage pathogen growth inhibition calculated with respect to radial growth of pathogen on control plates (without culture filtrates) as in Eq. (1): PRG = Pc -P × 100
Where, PRG = Percentage radial growth inhibition, Pc = radial growth of pathogen in control plate and P = Radial growth of the pathogen in the presence of culture filtrates of T. viride.
III. Results

Lytic enzyme production.
Assay of lytic enzyme activity (Fig. 1) revealed maximal enzyme production after 7days of incubation for all enzymes assayed. Protease had the highest concentration (1.35mg/ml), followed by chitinase (1.14mg/ml), and lastly cellulase (1.11mg/ml).
Growth inhibitory effect of cellulase induced culture filtrates of T.viride on rot fungi.
When 10% (v/v) concentration of cellulase induced culture filtrates were introduced into solidified PDA (Potato Dextrose Agar) on which the rot fungi were grown (Fig. 2) , it was observed that radial growth of A. niger was inhibited the most (45.04%) after 5 days of incubation at 30°C, followed by F. oxysporum 
IV. Discussion
` The ability of the T. virde strain used in the study to produce lytic enzymes increased with incubation time. In a similar study, Ul-haque [32] reported highest celluase production by T. viride after 72 hours of incubation. El-katatny et al. [31] reported that while the production of chitinase by T. harzianum using a medium containing chitin reached a maximum after 7 days of growth and decreased afterwards, synthesis of β -1,3-glucanase peaked at day 4. According to Harman et al. [16] , Trichoderma species are prolific producers of extracellular proteins, and are best known for their ability to produce enzymes that degrade cellulase and chitin. The behavior of strains with respect to peak of induced production of extracellular enzymes, vary and depends on strain, carbon source and cultural conditions [33] .
In the study, it was also observed that the radial growth of pathogens was greatly inhibited by 10% (v/v) concentration of various enzyme-induced culture filtrates of the antagonist (T. viride). This suggests the presence and action of non-volatile antibiotics in the filtrates as rightly reported by Odebode [34] , Sivan et al. [35] , Watts et al. [36] , and Siameto et al. [37] amongst others. In a similar work, Yaqub and Shahzad [38] reported that T. viride isolated from partially decomposed fruits and vegetable wastes showed inhibitory effects on some common post-harvest pathogens of fruits and vegetables, namely; A. niger, A. flavus, Fusarium sp., A. fumigatus and Penicillium sp. Invitro. From their findings, maximum growth inhibition of A. niger, A. fumigatus and A. flavus, were found with the use of 50% culture filtrate in medium. Another work by Ubalua and Oti [39] on the antagonistic properties of T. viride on post-harvest cassava root rot pathogens confirmed that while 100% concentration of culture filtrates gave absolute inhibition of Botryodiplodia theobromae, A. niger, F. solani and Rhizopus sps., 10% gave 48.4%, 51.3%, 39.6% and 65.2% inhibition respectively. Similar observations have also been reported by Calistru et al. [40] , Adebesin et al. [41] and El-Katatny et al. [31] V.
Conclusion and Recommendations.
The T. viride strain used in the study exhibited potent antagonistic activity as evidenced by the relatively high percentages of radial growth inhibitions of the test fungi. The antagonist could therefore be adopted as a potential biocontrol agent in the control of A. niger, A. flavus and F. oxysporum related postharvest rot diseases. Further study could include dual culture tests for antagonism, in vivo experiments and exploring the possibility of the biocontrol of other plant disease pathogens other than those considered in the study.
